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PERFORMANCE MEASUREMENT OF INTELLECTUAL FUNCTIONING 

SUMMARY 

T h i s  i s  t h e  f i r s t  semiannual  s t a t u s  r e p o r t  t o  be submi t ted  under  Grant  
No. SC/NGR-18-002-008, "Performance Measurement o f  I n t e l l e c t u a l  Funct iohing ."  
I t  c o v e r s  work completed dur ing  t h e  six-month p e r i o d ,  1 October  1965 through 
31 March 1966. 

Work d u r i n g  t h i s  p e r i o d  h a s  fol lowed c l o s e l y  t h e  l i n e s  p r e s e n t e d  i n  t h e  
p r o p o s a l  on which t h e  g r a n t  i s  based ( s u b m i t t e d  on 9 June  1965) .  P r o g r e s s  
t o  d a t e  h a s  been a t  a f a s t e r  r a t e  than  i n i t i a l l y  a n t i c i p a t e d .  A p r o t o t y p e  
of t h e  a p p a r a t u s  r e q u i r e d  f o r  p r e s e n t a t i o n  and s c o r i n g  of t h e  o p e r a t o r ' s  p e r -  
formance o f  t h e  code- t ransformat ion  (COTRAN) t a s k  h a s  been des igned ,  c o n s t r u c t e d  
and t e s t e d .  A f i r s t  experiment ,  des igned  t o  measure t h e  e f f e c t s  of two t a s k  
parameters  ( t h e  number of memory a i d s  a v a i l a b l e  t o  t h e  o p e r a t o r ,  and t h e  num- 
ber o f  code t r a n s f o r m a t i o n s  r e q u i r e d  p e r  problem s o l u t i o n )  on performance, h a s  
been completed.  A second experiment i s  complete through t h e  d a t a - c o l l e c t i o n  
phase,  and d a t a  a n a l y s i s  h a s  begun; t h i s  experiment  was des igned  a s  a c o r r e l a -  
t i o n a l  s t u d y  of t h e  performances o b t a i n e d  from d i f f e r e n t  o p e r a t o r s  on t h e  COTRAN 
t a s k  and on s e l e c t e d  t e s t s  of i n t e l l e c t u a l  a b i l i t y ,  problem-solving b e h a v i o r ,  
and p e r s o n a l i t y  c h a r a c t e r i s t i c s .  

No i n s o l v a b l e  d i f f i c u l t i e s  have been encountered  d u r i n g  t h e  p e r i o d ,  and 
none i s  expec ted  d u r i n g  t h e  remainder  of t h e  p e r i o d  of work. E f f o r t s  a r e  sche-  
d u l e d  t o  be l i g h t e n e d  on t h i s  work d u r i n g  t h e  e a r l y  p a r t  o f  t h e  summer (when 
p e r s o n n e l  a r e  t o  be away f o r  d a t a  c o l l e c t i o n  on a n o t h e r  p r o j e c t ) ,  and i n c r e a s e d  
d u r i n g  t h e  l a t e  p a r t  of t h e  summer (when p e r s o n n e l  r e t u r n )  and e a r l y  f a l l  (when 
s t u d e n t - s u b j e c t s  become a v a i l a b l e ) .  

* * * 
INTRODUCTION 

T h i s  i s  t h e  f i r s t  semiannual s t a t u s  r e p o r t  t o  be submi t ted  under  Grant  
No. SC/NGR-18-002-008 between t h e  U n i v e r s i t y  of L o u i s v i l l e  and t h e  N a t i o n a l  
Aeronaut ics  and Space A d m i n i s t r a t i o n .  T h i s  r e s e a r c h  on t h e  "Performance Meas- 
urement of I n t e l l e c t u a l  Funct ioning"  i s  b e i n g  conducted under  t h e  d i r e c t i o n  
of D r .  E a r l  A .  A l l u i s i ,  P r o f e s s o r  of Psychology, and i s  monitored by t h e  Human 
Performance Branch, Biotechnology Divis ion ,  L i f e  S c i e n c e s ,  NASA Ames Research 
C e n t e r ,  M o f f e t t  F i e l d ,  C a l i f o r n i a .  T h i s  r e p o r t  c o v e r s  work completed d u r i n g  
t h e  p e r i o d  1 October  1965 through 31 March 1966. 

The purpose  of t h e  p r e s e n t  r e s e a r c h  i s  t o  deve lop  a t a s k  f o r  t h e  perform- 
ance measurement of i n t e l l e c t u a l  f u n c t i o n i n g .  The t a s k  i s  t o  meet c e r t a i n  c r i -  
t e r i a  of  v a l i d i t y ,  s e n s i t i v i t y ,  e n g i n e e r i n g  f e a s i b i l i t y ,  r e l i a b i l i t y ,  f l e x i b i l -  
i t y ,  work-load v a r i a b i l i t y ,  t r a i n a b i l i t y ,  and c o n t r o l - d a t a  a v a i l a b i l i t y  a s  
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defined elsewhere (see Alluisi, 1964; Alluisi 6, Fulkerson, 1964). The specific 
goals set in the proposal for the three-year program of research are as follows: 

o Design, construct, and test equipment for the task to be used. 

o Establish, through empirical research, the parameters of the task (e.g., 
effects on performance of problem-difficulty levels and rates of pre- 
sentation of problems) both when the task is used alone and when it 
is  used as part of a multiple-task performance (MTP) battery. 

o Correlate performance on the task with performance on selected tests of 
intellectual ability, personality characteristics, etc. 

o Measure reliability of the task in both statistical and engineering 
(equipment) terms. 

o Prepare "standardized" instructions and procedures for employment of 
the task. 

In reporting on the status of the research in this and in future reports, 
a general oitline will be used in order to provide continuity without sacrifice 
o f  brevity. The outline will have obvious relations to the specific goals of 
the research. Status and progress will be reported in the appropriate sections 
and subsections of' the outline. 

1. DEVELOPMENT OF THE COTRAN TASK 

1.1 Background in Performance Measurement.--No additional work has been required 
in this area; see "Introduction" and "Background in Performance Measurement, I' 
pp. 2-4 of the Proposal for Research. 

1.2 Background in Measuring "Intellectual Functioning".--No additional work has 
been required in this area; see "Background in Measuring 'Intellectual Func- 
tioning,'" pp. 4-5 of the Proposal for Research. (A relatively complete re- 
view of this background material has been prepared and will be submitted for 
possible publication prior to, or with, the final report.) 

1.3 The COTRAN Task. --A "code-transformation" (COTRAN) task has been designed to 
provide performance measures of intellectual functioning. 
fication of the "code-lock solving" task that is used as a group-performance 
task in a current multiple-task performance (MTP) battery (see Alluisi 6 Ful- 
kerson, 1964, p. 14; Alluisi, Hall, & Chiles, 1962, pp. 5-6). In its modi- 
fied form, it is an individual rather than a group-performance task. Although 
it was described in the Proposal for Research (pp. 6-7), a description is 
given below to permit a clearer understanding of the present report. 

The task is a modi- 

The working elements of the COTRAN task are displayed to the operator 
on a panel and keyboard. 
ranged to correspond with the natural placement of the finger tips of the 
right hand) and three indicator lights (red, amber, and green). The task 
may be described as consisting of three phases (four phases were listed in 
the Proposal for Research, but the last two of these have been combined into 
a single phase in the present description). 
are described in the following paragraphs. 

These elements consist of five response keys (ar- 

These three phases of the task 
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I n  phase I ,  t h e  o p e r a t o r  i s  r e q u i r e d  t o  d i s c o v e r  t h e  p r o p e r  sequen- 
t i a l  o r d e r  of d e p r e s s i n g  t h e  f i v e  r e s p o n s e  keys--one f o r  each f i n g e r  of 
t h e  r i g h t  hand. I l l u m i n a t i o n  of t h e  r e d  l i g h t  i s  t h e  s i g n a l  t h a t  a prob- 
lem is  p r e s e n t  and unsolved.  The amber l i g h t  i s  i l l u m i n a t e d  when t h e  op- 
e r a t o r  d e p r e s s e s  any of h i s  response keys,  t h e r e b y  i n d i c a t i n g  t h a t  h i s  
r e s p o n s e  h a s  been r e g i s t e r e d .  When t h e  r e s p o n s e  key i s  r e l e a s e d ,  t h e  am- 
ber l i g h t  i s  e x t i n g u i s h e d ;  t h e  r e d  l i g h t  remains i l l u m i n a t e d  u n l e s s  t h e  
key t h a t  was depressed  i s  t h e  " c o r r e c t "  f i r s t  r e s p o n s e .  I f  i t  i s ,  t h e n  
t h e  r e d  l i g h t  is e x t i n g u i s h e d  a t  t h e  same t ime a s  t h e  amber l i g h t ,  and 
i t  w i l l  remain e x t i n g u i s h e d  u n t i l  an " i n c o r r e c t , "  o r  out-of-sequence,  res-  
ponse i s  made. When t h i s  o c c u r s ,  t h e  r e d  l i g h t  w i l l  b e  r e - i l l u m i n a t e d ,  
and t h e  programming a p p a r a t u s  w i l l  be r e s e t  a u t o m a t i c a l l y  t o  t h e  beginning  
of t h e  sequence.  I n  o r d e r  t o  recommence t h e  s e a r c h  f o r  a s o l u t i o n ,  t h e  
c o r r e c t  f i r s t  response  key h a s  t h e n  t o  be d e p r e s s e d  f i r s t ,  t h e  c o r r e c t  
second response  key h a s  t o  b e  depressed  n e x t ,  e t c .  When a l l  f i v e  r e s p o n s e  
keys have been d e p r e s s e d  i n  t h e  c o r r e c t  o r d e r ,  t h e  g r e e n  l i g h t  w i l l  b e  
i l l u m i n a t e d  a s  a s i g n a l  t h a t  the  problem p r e s e n t e d  i n  phase I h a s  been 
s o l v e d .  Fol lowing a between-phase pause of about  30 seconds,  t h e  green  
l i g h t  w i l l  go o f f ,  t h e  r e d  l i g h t  w i l l  come on, and t h e  o p e r a t o r  i s  p r e s -  
e n t e d  w i t h  phase I1 of t h e  COTRAN t a s k .  

Phase I1 i s  i d e n t i c a l  t o  phase I ,  except ,  of c o u r s e ,  t h a t  i t  i n v o l v e s  
a d i f f e r e n t  sequence.  A l s o ,  i t  f o l l o w s  phase  I and, t h e r e b y ,  may b e  more 
d i f f i c u l t  depending on t h e  memory load  imposed by r e q u i r i n g  t h a t  t h e  o p e r -  
a t o r  r e c a l l  b o t h  s o l u t i o n s  dur ing  t h e  l a s t  phase.  B e f o r e  d e s c r i b i n g  t h i s  
1 a s  t ph a s e,  wh i c h i s t h e  'I p r ob 1 em - s o 1 v i ng " o r  " i n  t e 1 1 e c t u  a 1 - fun  c t i on i ng 
phase  of t h e  t a s k ,  i t  may b e  a p p r o p r i a t e  t o  c a l l  a t t e n t i o n  t o  some of t h e  
p r o p e r t i e s  of phases  I and 11. S i n c e  a l l  120 of  t h e  p o s s i b l e  sequences 
a r e  used,  i n  random o r d e r i n g s  on s u c c e s s i v e  p r e s e n t a t i o n s  of phase I, t h e  
o p e r a t o r  h a s  no way of knowing what t h e  c o r r e c t  sequence w i l l  b e  when a 
problem i s  p r e s e n t e d .  
i n  an unsys temat ic  t r i a l - a n d - e r r o r  f a s h i o n  ( w i t h  d i f f e r e n t  o p e r a t o r s '  us -  
i n g ,  perhaps,  d i f f e r e n t  methods) ,  a l l  o p e r a t o r s  a r e  i n s t r u c t e d  t o  use con- 
s i s t e n t l y  a s y s t e m a t i c  s e a r c h  procedure.  T h i s  a l s o  p e r m i t s  e x p e c t a n c i e s  
t o  b e  e s t a b l i s h e d  a s  t o  t h e  number of e r r o r s  ( i . e . ,  r e - i l l u m i n a t i o n s  of  
t h e  r e d  l i g h t )  i d e a l l y  o b t a i n e d  w i t h  each sequence: o p e r a t o r s  can t h e r e b y  
be s c o r e d  i n  terms of  t h e i r  d e v i a t i o n s  from t h e  i d e a l  s o l u t i o n s .  These 
comments h o l d  a l s o  f o r  phase 11, e x c e p t  t h a t  t h e r e  a r e  some c o n s t r a i n t s  
on t h e  s e l e c t i o n  of t h e  " c o r r e c t "  sequence a s  w i l l  b e  s e e n  below. 

Rather  than  having him s e a r c h  f o r  t h i s  sequence 

During phase 111, t h e  o p e r a t o r  i s  r e q u i r e d  t o  deduce, from t h e  se-  
quences ( o r  s o l u t i o n s )  of phases  I and 11, t h e  t r a n s f o r m a t i o n  t h a t  must 
have  been a p p l i e d  t o  t h e  sequence of  phase  I i n  o r d e r  f o r  i t  t o  have gen- 
e r a t e d  t h e  sequence of phase 11. That  i s  t o  s a y ,  h e  h a s  t o  de te rmine  
how t h e  phase- I  sequence would have had t o  b e  changed i n  o r d e r  f o r  i t  t o  
have  produced t h e  phase-I1 sequence. Then, he m u s t  a p p l y  t h e  deduced 
t r a n s f o r m a t i o n  t o  t h e  phase-I1 sequence i n  o r d e r  t o  p r e d i c t  a phase- I11  
sequence.  That  i s  t o  say ,  t h e  o p e r a t o r  h a s  t o  p r e d i c t  a t h i r d  sequence,  
and t e s t  h i s  p r e d i c t i o n  by apply ing  i t  t o  a p r e s e n t a t i o n  s i m i l a r  t o  t h o s e  
made i n  p h a s e s  I and 11. 

I t  i s  i n  phase I11 t h a t  t h e  o p e r a t o r  i s  f a c e d  w i t h  t h e  t a s k  of s o l v -  
i n g  a problem i n  t h e  u s u a l  s e n s e  of t h e  "problem-solving" paradigm. 
f a c t ,  were t h e  sequences of phases  I and I1 p r e s e n t e d  t o  t h e  o p e r a t o r  
d i r e c t l y ,  and were t h e  r e s u l t s  of h i s  phase-I11 d e d u c t i o n s  t o  b e  r e p o r t e d  

I n  
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vocally, in writing, or in some other symbolic way, the task could be 
described as a typical problem-solving task. It is the requirement 
that the operator apply his solution during phase 111, using the same 
displays and controls that were used in phases I and 11, that distin- 
guishes the COTRAN task as providing performance measures of problem- 
solving activity. Thus, it is proposed as a performance task that pro- 
vides direct measurements of intellectual functioning. 

Three blue indicator lights have been added to the display during 
the period covered by this report. The lights appear below the princi- 
pal display (the red, amber, and green lights) and are used to inform 
the operator of the problem phase. Thus, when the left-most blue light 
is illuminated, it is meant to inform the operator that he is working 
in phase I. The center and right-most blue lights are used similarly 
for phases I1 and 111. 

2. DESIGN AND CONSTRUCTION OF COTRAN APPARATUS 

2.1 Prototype Equipment.--Prototype equipment for presentation, programming 
and scoring the COTRAN task was designed, constructed, and tested during 
the past six months. 
The subject's or operator's part of the apparatus consists of three basic 
components: a response unit, an information or display unit, and a memory 
unit. The experimenter's or controller's apparatus consists of two com- 
ponents: a programming unit and a scoring unit. 

The apparatus is electro-mechanically activated. 

The subject's response unit consists of five telegraph keys arranged 
to correspond with the natural placement of the fingers of the right hand. 
Exact placement of the keys was based on data collected from ten male and 
ten female subjects, An enclosure was placed over the keys so that only 
the 1-inch diameter response buttons protruded. 

The subject's information unit, on which the information necessary 
for solution of the problem was presented, consisted of six jeweled in- 
dicator lights, three blue and one each red, amber, and green. The lights 
were mounted on a small, tilted-panel, cabinet. 

The subject's memory unit, when used, permitted the subject to record 
a discovered sequence, or in some conditions both sequences from phases 
I and 11. Thus, the memory unit consisted of either one or two memory aids. 
Each memory aid consisted of five, 5-position 1-inch rotary switches arrang- 
ed horizontally. Each switch could be set to one of five numbers (1 through 
5 ) .  Each switch corresponded to a keyboard (or finger) position. 

The experimenter's programming unit consists of three banks of five 
5-position rotary switches, one bank for each of the three phases of the 
problem. Of course, these switches are appropriately connected to a step- 
ping switch and a series of relays that serve to define the problem and 
score the subject's responses. The scoring unit, in conjunction with the 
programming unit, permits the experimenter to monitor the subject's perform- 
ance at all times. The subject's errors and response times (to the near- 
est 0.1 second) are recorded on electro-mechanical counters for each phase. 

The apparatus has been used in collecting the data of two studies; 
it appears to be highly reliable and easily maintained. 
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2.2 S t a n d a r d i z e d  Equipment . - - I t  i s  a n t i c i p a t e d  t h a t  a f i n a l  d e s i g n  w i l l  be 
developed n e a r  o r  a t  t h e  end of t h e  t h r e e - y e a r  program of r e s e a r c h .  
d e s i g n  w i l l  make use  of  s o l i d - s t a t e  components, i f  f e a s i b l e ,  and w i l l  c a l l  
f o r  a p p r o p r i a t e  packaging.  
t h e  p a s t  s i x  months. 

T h i s  

No p r o g r e s s  h a s  been made i n  t h i s  a r e a  d u r i n g  

3. SINGLE-TASK STUDIES OF COTRAN PERFORMANCE 

3.1 S t u d i e s  of  t h e  Parameters  of t h e  COTRAN Task.--One of t h e  s p e c i f i c  g o a l s  
of t h e  r e s e a r c h  program is  t o  e s t a b l i s h  t h e  r e l e v a n t  parameters  of  t h e  
COTRAN t a s k  through e m p i r i c a l  i n v e s t i g a t i o n s .  Two parameters  t h a t  can 
b e  expected t o  a f f e c t  o p e r a t o r  performance a r e  (1)  t h e  number of  memory 
a i d s  a v a i l a b l e  t o  t h e  o p e r a t o r ,  and ( 2 )  t h e  complexi ty  of  t h e  t ransforma-  
t i o n  employed i n  t h e  problems p r e s e n t e d  t o  t h e  o p e r a t o r .  

P i l o t  exper imenta t ion  was conducted w i t h  t h e  COTRAN t a s k  i n  o r d e r  t o  
o b t a i n  e s t i m a t e s  of t h e  d i f f i c u l t y  of t h e  t a s k ,  t h e  s o l u t i o n  r a t e s  t o  be 
expected,  and t h e  f e a s i b i l i t y  of u s i n g  a l l  p o s s i b l e  v a l u e s  of t h e  two para-  
m e t e r s  of  t h e  t a s k  i d e n t i f i e d  above. The r e s u l t s  of  t h i s  p i l o t  s t u d y  i n -  
d i c a t e d  t h a t  when no memory a i d  was provided ,  t h e  t a s k  was t o o  d i f f i c u l t  
t o  b e  used a s  a performance-assessment i n s t r u m e n t :  some o p e r a t o r s  r e q u i r e d  
a s  long  a s  20 minutes  t o  s o l v e  a s i n g l e  problem under  such c o n d i t i o n s .  
Also, t h e  d a t a  i n d i c a t e d  t h a t  even when t h r e e  memory a i d s  were provided  
( o n e  f o r  each p h a s e ) ,  t h e  o p e r a t o r s  chose t o  use o n l y  two ( f o r  t h e  f i r s t  
two p h a s e s )  and e n t e r e d  t h e  phase-I11 s o l u t i o n  d i r e c t l y  o n t o  t h e  keyboard. 
Thus, on t h e  b a s i s  of t h i s  p i l o t  exper imenta t ion ,  i t  appears  t h a t  t h e  
meaningful  range  of t h e  number-of-memory-aids parameter  i s  from one t o  
two a i d s .  

S i m i l a r l y ,  i t  was dec ided  t h a t  t h e  meaningful  range  of t h e  complexi ty-  
o f - t r a n s f o r m a t i o n  parameter  i s  from three-e lement  t r a n s f o r m a t i o n s  t o  f i v e -  
e lement  t r a n s f o r m a t i o n s .  Although two-element t r a n s f o r m a t i o n s  a r e  p o s s i b l e ,  
t h e y  c o n s t i t u t e  a t r i t e  problem and, i n  a d d i t i o n ,  t h e y  form a p o p u l a t i o n  
of  o n l y  t e n  c a s e s  f o r  any g iven  problem--a p o p u l a t i o n  t h a t  i s  t o o  smal l  
f o r  adequate  r e p r e s e n t a t i o n  i n  exper imenta l  u s e .  

Fol lowing t h e  p i l o t  exper imenta t ion ,  and t h e  d e c i s i o n s  c i t e d  above, 
an  experiment  was conducted t o  measure t h e  e x t e n t  t o  which t h e  two p a r a -  
meters would a f f e c t  o p e r a t o r  performance on t h e  COTRAN t a s k .  Two memory- 
a i d  c o n d i t i o n s  (one  v e r s u s  two a i d s  a v a i l a b l e )  were combined f a c t o r i a l l y  
w i t h  t h r e e  transformation-complexity c o n d i t i o n s  ( t h r e e - ,  f o u r - ,  o r  f i v e -  
e lement  t r a n s f o r m a t i o n s )  t o  form s i x  exper imenta l  c o n d i t i o n s .  F i f t e e n  
s u b j e c t s  were a s s i g n e d  a t  random t o  each of t h e s e  s i x  c o n d i t i o n s .  The 
s u b j e c t s  were 90 undergraduate  s t u d e n t s  ( 4 8  females  and 42 males)  e n r o l l e d  
i n  i n t r o d u c t o r y  psychology a t  t h e  U n i v e r s i t y  o f  L o u i s v i l l e .  They ranged 
i n  age  from 16 t o  29 y e a r s ,  wi th  a median age  of 19. Each s u b j e c t  was 
t e s t e d  f o r  a t o t a l  of 1000 seconds e x c l u d i n g  t h e  30-second i n t e r v a l s  be-  
tween problems and between phases  I and I1 ( a n d ,  of c o u r s e ,  e x c l u d i n g  
t h e  i n s t r u c t i o n  and t r a i n i n g  p e r i o d s ) .  
u r e s  of  performance were recorded f o r  each s u b j e c t :  t h e s e  d a t a  were t h e n  
ana lyzed  i n  two ways. F i r s t ,  t h e  measures  were i n t e r c o r r e l a t e d  and f a c -  
t o r  a n a l y z e d .  Secondly,  r e p r e s e n t a t i v e  measures  were s e l e c t e d  on t h e  
b a s i s  of  t h e  f a c t o r  a n a l y s i s ,  and t h e s e  were t h e n  used t o  a s s e s s  t h e  e f -  
f e c t s  of t h e  parameters  of t h e  t a s k  on  COTRAN performance. 

Nine d i r e c t ,  and s i x  d e r i v e d  meas- 
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The r e s u l t s  of  t h e  f a c t o r  a n a l y s i s  i n d i c a t e d ,  i n  b r i e f ,  t h a t  t h r e e  
f a c t o r s  a r e  invo lved  i n  t h e  measures of  COTRAN performance employed. A f t e r  
r o t a t i o n ,  t h e s e  f a c t o r s  appear  t o  be  mean ingfu l ly  i d e n t i f i e d  a s :  

o Over -a l l  COTRAN Accuracy 

o O v e r - a l l  COTRAN Speed 

o Problem-solving Accuracy ( o r ,  Phase-I11 COTRAN Accuracy) .  

Accordingly,  seven  measures were s e i e c t e d  f o r  f u r t h e r  a n a l y s i s .  These 
seven  measures  c o n s i s t e d  of t w o  i d e n t i f y i n g  measures  from each of  t h e  t h r e e  
f a c t o r s ,  and one measure t h a t  was approximate ly  e q u a l l y  loaded  on each f a c -  
t o r  and which, t h e r e f o r e ,  p rov ides  a "composite" s c o r e .  An a n a l y s i s  o f  
v a r i a n c e  of t h e  d a t a  provided  by each of t h e s e  seven measures  was computed 
on t h e  b a s i s  of  t h e  2-by-3 f a c t o r i a l  d e s i g n  of  t h e  exper iment .  The r e s u l t s  
o f  t h e s e  a n a l y s e s  i n d i c a t e d  t h a t  t h e  one-memory-aid c o n d i t i o n  produced l e s -  
s e r  performance t h a n  t h e  two-memory-aid c o n d i t i o n  w i t h  s i x  of t h e  seven  
measures  ( t h e  two c o n d i t i o n s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  c a s e  
o f  t h e  seven th  measu re ) .  
i n t e r a c t i o n  of  t r a n s f o r m a t i o n s  w i t h  memory a i d s  was found t o  b e  s i g n i f i -  
c a n t  w i t h  any of  t h e  seven measures .  

N e i t h e r  t h e  t r a n s f o r m a t i o n  dimension n o r  t h e  

A complete  r e p o r t  of  t h i s  s t u d y  w i l l  be p repa red  and submi t t ed  f o r  
p o s s i b l e  p u b l i c a t i o n  p r i o r  t o ,  o r  w i t h ,  t h e  f i n a l  r e p o r t .  

3.2 S t u d i e s  of  t h e  R e l i a b i l i t i e s  of t h e  COTRAN M e a s u r e s . - - R e l i a b i l i t y  c o e f f i -  
c i e n t s  cou ld  n o t  be  computed meaningfu l ly  from t h e  d a t a  o f  t h e  s t u d y  r e -  
p o r t e d  above. The f i r s t  of  t h e  c o r r e l a t i o n a l  s t u d i e s  ( d e s c r i b e d  i n  3.3, 
below) h a s  been  des igned ,  however, t o  pe rmi t  such  computa t ions .  E s t i m a t e s  
o f  r e l i a b i l i t i e s  w i l l  be  a v a i l a b l e  i n  t h e  n e a r  f u t u r e ,  a s  t h e  d a t a  o f  t h e  
s t u d y  a r e  ana lyzed .  

3 . 3  C o r r e l a t i o n a l  S t u d i e s  o f  COTRAN Performance.  - -Since t h e  COTRAN t a s k  h a s  
been  des igned  t o  p rov ide  performance measures  of  i n t e l l e c t u a l  f u n c t i o n i n g ,  
i t  should  b e  p o s s i b l e  t o  e s t a b l i s h  some degree  o f  c o n s t r u c t  v a l i d i t y .  I f  
t h e  t a sk  i s  t o  measure v a l i d l y  d i f f e r e n c e s  i n  an i n d i v i d u a l ' s  performance 
under  d i f f e r e n t  c o n d i t i o n s  ( e .g . ,  a l e r t  v e r s u s  f a t i g u e d  o r  s l e e p  d e p r i v e d ) ,  
t h e n  i t  shou ld  r e f l e c t  a l s o  the  d i f f e r e n t  a b i l i t i e s  o f  d i f f e r e n t  i n d i v i d -  
u a l s  working under  a s i n g l e  s e t  o f  c o n t r o l l e d  c c n d i t i o n s .  Likewise,  t h e  
measures  o f  COTRAN performance shou ld  c o r r e l a t e  w i t h  measures  of g e n e r a l  
i n t e l l e c t u a l  a b i l i t i e s ,  t o  t h e  e x t e n t  t h a t  t h e  two a r e  c o r r e l a t e d  and a r e  
v a l i d l y  measured w i t h  t h e  t e s t s  employed. 
ed  t h a t  t h e  COTRAN measures  might a l s o  b e  c o r r e l a t e d  w i t h  s p e c i f i c  t e s t s  
of i n t e l l e c t u a l  c h a r a c t e r i s t i c s  t h a t  have been  p r e v i o u s l y  i s o l a t e d  and 
hypo thes i zed  t o  b e  r e l a t e d  t o  problem-solving a b i l i t i e s .  F i n a l l y ,  i t  i s  
p o s s i b l e  t h a t  t h e  COTRAN measures a r e  s e n s i t i v e  t o  p e r s o n a l i t y  v a r i a b l e s ,  
and t h e  r e c o g n i t i o n  of t h e  s e n s i t i v i t y  would b e  r e l e v a n t  t o  any f u l l  under-  
s t a n d i n g  of t h e  n a t u r e  o f  man's performance on t h e  t a s k .  

I n  a d d i t i o n ,  i t  might  b e  expec t -  

I n  l i n e  w i t h  t h i s  reasoning ,  a second exper iment  was des igned  and 
d a t a  were c o l l e c t e d  du r ing  t h e  p a s t  six-month p e r i o d .  
r e n t l y  b e i n g  ana lyzed ,  s o  no r e p o r t  o f  r e s u l t s  can  y e t  b e  made. 
c i p a l  g o a l s  of  t h e  s t u d y  were t o  c o r r e l a t e  and f a c t o r  ana lyze  t h e  r e s u l t s  

The d a t a  a r e  c u r -  
The p r i n -  
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o b t a i n e d  from t h e  COTRAN performances of d i f f e r e n t  o p e r a t o r s  and t h e  perform- 
a n c e s  o f  t h e s e  same i n d i v i d u a l s  on a s e l e c t e d  b a t t e r y  of  paper-and-penci l  
t e s t s .  The paper-and-penci l  t e s t s  were s e l e c t e d  from among t h r e e  g e n e r a l  
c l a s s e s  of i n s t r u m e n t s :  (1)  t e s t s  of g e n e r a l  i n t e l l e c t u a l  a b i l i t i e s ,  ( 2 )  
t e s t s  based on . c e r t a i n  f a c t o r - a n a l y t i c  s t u d i e s  of i n t e l l e c t u a l  a b i l i t i e s ,  
and ( 3 )  t e s t s  of  c e r t a i n  p e r s o n a l i t y  c h a r a c t e r i s t i c s .  

A s  i n d i c a t e d  e a r l i e r ,  a second g o a l  of t h e  s t u d y  was t o  o b t a i n  e s t i -  
mates  of t h e  t e s t - r e t e s t  ( a c t u a l l y ,  s p l i t - h a l f )  r e l i a b i l i t i e s  of t h e  seven  
measures of COTRAN performance s e l e c t e d  p r e v i o u s l y  ( s e e  3.1, above) .  A 
t h i r d  g o a l  was t o  re-examine t h e  p o s s i b l e  e f f e c t s  of t h e  t r a n s f o r m a t i o n -  
complexi ty  parameter  on performance, and t o  a s s e s s  t h e  r a t e s  of improve- 
ment on t h e  t a s k  w i t h  p r a c t i c e .  

The s t u d y  was conducted in  two s e s s i o n s  f o r  each s u b j e c t :  a COTRAN- 
performance s e s s i o n ,  and a group s e s s i o n  i n  which t h e  paper -and-penci l  
t e s t  b a t t e r y  was a d m i n i s t e r e d .  The s u b j e c t s  f o r  b o t h  s e s s i o n s  were 84 
undergraduate  s t u d e n t s  (50 males and 34  females)  from v a r i o u s  psychology 
c l a s s e s  a t  t h e  U n i v e r s i t y  o f  L o u i s v i l l e .  The s u b j e c t s  ranged i n  age 
from 17 t o  30 y e a r s ,  w i t h  a median age of 19. Each s u b j e c t  was p a i d  
t e n  d o l l a r s  ($10.00) f o r  h i s  8-hour p a r t i c i p a t i o n  i n  t h e  s t u d y .  

During t h e  COTRAN-performance s e s s i o n ,  a t o t a l  o f  18 problems was 
p r e s e n t e d  t o  each s u b j e c t .  The two-memory-aid c o n d i t i o n  was used through-  
o u t  i n  o r d e r  t o  maximize o p e r a t o r  performance.  The 18 problems p r e s e n t e d  
t o  each o p e r a t o r  c o n s i s t e d  of s i x  b l o c k s  of t h r e e  problems each: t h e  t h r e e  
problems i n  each b lock  c o n s i s t e d  of a t h r e e - ,  a f o u r - ,  and a f ive-e lement  
t r a n s f o r m a t i o n  complexi ty .  

During t h e  paper-and-penci l  t e s t i n g  s e s s i o n ,  each s u b j e c t  was admin- 
i s t e r e d  a t o t a l  of t e n  t es t s ;  t h e s e  provided  32 s c o r e s  p e r  s u b j e c t .  
tes ts  i n c l u d e d  two t e s t s  of g e n e r a l  i n t e l l e c t u a l  a b i l i t y  ( 5  measures) ,  
s i x  t e s t s  based  on a f a c t o r - a n a l y t i c  s t u d y  of  i n t e l l e c t u a l  a b i l i t i e s  ( 6  
measures) ,  and two t e s t s  of  p e r s o n a l i t y  c h a r a c t e r i s t i c s  ( 2 1  measures) .  

The 

A s  i n d i c a t e d  e a r l i e r ,  t h i s  s t u d y  h a s  been completed through t h e  d a t a -  
c o l l e c t i o n  phase,  and d a t a  a n a l y s i s  i s  c u r r e n t l y  underway. A complete  
r e p o r t  of t h i s  s t u d y  w i l l  be prepared  m d  submi t ted  f o r  p o s s i b l e  p u b l i c a -  
t i o n  p r i o r  t o ,  o r  w i t h ,  t h e  f i n a l  r e p o r t .  

4.  MULTIPLE-TASK STUDIES OF COTRAN PERFORMANCE.--Although work i n  t h i s  a r e a  
h a s  been p lanned  a s  p a r t  of t h e  t h r e e - y e a r  program of r e s e a r c h ,  none was con- 
t e m p l a t e d  f o r  t h e  f i r s t - y e a r  e f f o r t .  When work i s  s t a r t e d  h e r e ,  i t  i s  e x p e c t -  
ed t o  f o l l o w  t h e  g e n e r a l  o u t l i n e  of t h e  s i n g l e - t a s k  s t u d i e s  of COTRAN perform- 
ance  ( s e e  3, above) .  
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December 1965, and D r .  Donald Meyer, P r o f e s s o r  of  Psychology a t  t h e  Ohio S t a t e  
U n i v e r s i t y  v i s i t e d  on 17 February  1966. Major Jimmy S .  H a t f i e l d ,  MSC, v i s i t e d  
on 8 November 1965. 
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D r .  E a r l  A .  A l l u i s i  ( P r i n c i p a l  I n v e s t i g a t o r )  a t t e n d e d  an i n v i t a t i o n a l  
confe rence  on performance assessment  29-30 March 1966 a t  t h e  Aerospace Medical 
Research L a b o r a t o r i e s ,  Wright -Pa t te rson  A i r  Force  Base, Ohio. He is  scheduled  
t o  a t t e n d  t h e  1966 meet ings  of t h e  Southern  S o c i e t y  f o r  Phi losophy and Psychol-  
ogy 7-9 A p r i l  1966 i n  New Or leans ,  La., and he i s  schedule  t o  v i s i t  t h e  NASA 
A m e s  Research Center  26-27 A p r i l  1966 i n  o r d e r  t o  r e p o r t  v e r b a l l y  on t h e  pro-  
g r e s s  and s t a t u s  of t h i s  r e s e a r c h .  

DIFFICULTIES ENCOUNTERED 

No major d i f f i c u l t i e s  were encountered d u r i n g  t h e  p a s t  six-month pe r iod ,  
and, indeed,  t h e  r e s e a r c h  is c u r r e n t l y  ahead of schedule :  d a t a  c o l l e c t i o n  i s  
now complete  f o r  t h e  f i r s t - y e a r  p o r t i o n  of t h e  r e s e a r c h ,  b u t  d a t a  a n a l y s i s  and 
t h e  p r e p a r a t i o n  of s u i t a b l e  r e p o r t s  have n o t  been completed.  

ANTICIPATED WORK 

The remainder  of t h e  p e r i o d  of t h i s  g r a n t  w i l l  be  devoted p r i n c i p a l l y  t o  
d a t a  a n a l y s i s  and p r e p a r a t i o n  of r e p o r t s .  Should a l l  go w e l l ,  however, t ime 
shou ld  be  a v a i l a b l e  du r ing  t h e  l a s t  month of t h e  p e r i o d  t o  begin  c o l l e c t i n g  
d a t a  of  s t u d i e s  planned f o r  t h e  second y e a r  of work. 

PERSONNEL 

The personnel  working on t h i s  g r a n t  d u r i n g  t h e  p a s t  s i x  months were E .  A .  
A l l u i s i  ( P r i n c i p a l  I n v e s t i g a t o r ) ,  G .  D .  Coates ,  Vesta  G e t t y s ,  Ann V .  Harvey, 
B. B. Morgan, Jr.,  and K.  Rothrock. I n  a d d i t i o n ,  s u b j e c t s  were p a i d  a s  i n d i -  
c a t e d  f o r  p a r t i c i p a t i o n  i n  c e r t a i n  exper iments .  
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